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Description 

[METHOD OF MANUFACTURING 
NON-VOLATILE MEMORY CELL] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93110186, filed April 13, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a method of manufactur- 
ing a non-volatile memory cell. More particularly, the 
present invention relates to a method of manufacturing a 
one-cell-two-bit type of non-volatile memory cell having 
applications in both flash memory and silicon-ox- 
ide-nitride-oxide-silicon (SONOS) memory. 

[0004] Description of the Related Art 

[0005] with the rapid increase in the demands for portable elec- 
tronic products, the need for non-volatile memory grows 
substantially. Electrically erasable programmable read- 



only-memory (EEPROM) is a type of non-volatile memory 
device that allows multiple data writing, reading and eras- 
ing operations. Because the stored data will be retained 
even after power to the device is removed, EEPROM has 
been broadly applied in personal computer and electronic 
equipment. 

[0006] | n recent years, flash memory is one of most popular non- 
volatile memory devices in the market because of the ma- 
turity of fabricating techniques and low production cost. 
In general, a flash memory cell is formed by sequentially 
forming a tunneling oxide layer, a conductive layer and a 
dielectric layer over a substrate. Thereafter, the afore- 
mentioned layers are patterned to form a floating gate 
and an inter-gate dielectric layer. Finally, a control gate is 
formed on the inter-gate dielectric layer above the float- 
ing gate. 

[0007] However, if the tunneling oxide layer underneath the 

polysilicon floating gate contains some defects, a leakage 
current may form leading to a drop in the reliability of the 
device. To resolve this problem, a charge-trapping layer 
often takes the place of the conventional floating gate in 
the memory. Since the charge-trapping layer is typically a 
silicon nitride layer, the non-volatile memory cell having 



an oxide-nitride-oxide (ONO) composite structure is often 
referred to as a silicon-oxide-nitride-oxide-silicon 
(SONOS) memory. 

[0008] Because the silicon nitride layer has the capacity to trap 
electric charges, electrons injected into the silicon nitride 
layer will not distribute evenly. Instead, most injected 
electrons will concentrate in one particular region within 
the silicon nitride layer. Therefore, in programming a 
SONOS memory, most of the electrons gather in a local 
region within the channel above the source region or the 
drain region. Hence, by changing the voltage applied to 
the source/drain region on each side of the gate, elec- 
trons can be injected into a single silicon nitride layer to 
set up two separate groups of electrons or a single group 
of electrons. Alternatively, all the electrons trapped within 
the silicon nitride layer can be discharged. In other words, 
the SONOS memory is a 2 bit per cell type of memory be- 
cause there are altogether four separate charge storage 
states in each memory cell. 

[0009] | n the process of programming a conventional 2-bit 
SONOS memory device, hot electrons injected into the 
charge-trapping layer are spread out with an electron dis- 
tribution according to the injection energy. However, as 



the level of integration continues to increase, the charge 
storage areas of a two-bit memory cell may be so close 
together that one will affect the other. Ultimately, the 
charge distribution curve of separate charge storage areas 
within the silicon nitride layer of a memory cell may be 
too seriously close to each other that they join up to- 
gether and lead to programming errors and major drop in 

the reliability of the memory device. 
Summary of Invention 

[0010] Accordingly, at least one objective of the present inven- 
tion is to provide a method of manufacturing a non- 
volatile memory cell capable of simplifying the fabrication 
process and reducing the dimension of each 2-bit cell. 

[0011] At least a second objective of the present invention is to 
provide a method of manufacturing a flash memory capa- 
ble of producing 2-bit cells each occupying the same area 
as a single bit cell without incurring technical develop- 
ment cost or requiring expensive equipment. 

[0012] At least a third objective of the present invention is to 
provide a method of manufacturing a silicon-ox- 
ide-nitride-oxide-silicon (SONOS) memory capable of 
preventing a group of electrons on one side of a charge- 
trapping layer from spreading to another side and result- 



ing in possible programming errors. Furthermore, the 
method can also facilitate the miniaturization of the 
SONOS memory. 

[0013] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of manufacturing a non-volatile memory. First, a first di- 
electric layer is formed over a substrate. A patterned mask 
layer having a trench therein is formed over the first di- 
electric layer. Thereafter, a pair of charge storage spacers 
is formed on the sidewalls of the trench and then the pat- 
terned mask layer and the first dielectric layer are re- 
moved. A second dielectric layer is formed over the sub- 
strate covering the charge storage spacers. A conductive 
layer is formed over the second dielectric layer. The con- 
ductive layer is patterned to form a gate structure on the 
charge storage spacers. The second and first dielectric 
layer outside the gate structure is removed. Finally, a 
source/drain region is formed in the substrate on each 
side of the conductive gate structure. 

[0014] The present invention also provides a method of manu- 
facturing a flash memory. First, a tunneling oxide layer is 
formed over a substrate. A patterned mask layer having a 



trench therein is formed over the tunneling oxide layer. 
Thereafter, a conductive layer is formed over the substrate 
covering the surface of the trench and then the conductive 
layer is etched back to form a pair of gate spacers on the 
sidewalls of the trench. The pair of gate spacers serves as 
a floating gate. After removing the patterned mask layer, 
an inter-gate dielectric layer is formed over the substrate 
covering the gate spacers and the tunneling oxide layer. A 
control gate is formed on the inter-gate dielectric layer to 
correspond with the gate spacers. A dielectric spacer is 
formed on the sidewalls of the control gate while expos- 
ing the inter-gate dielectric layer. The exposed inter-gate 
dielectric layer and tunneling oxide layer are removed. Fi- 
nally, a source/drain region is formed in the substrate on 
each side of the control gate. 
[0015] The present invention also provides a method of manu- 
facturing a silicon-oxide-nitride-oxide-silicon (SONOS) 
memory. First, a bottom silicon oxide layer is formed over 
a substrate. A patterned mask layer having a trench 
therein is formed over the bottom silicon oxide layer. 
Thereafter, a charge-trapping layer is formed over the 
substrate covering the surface of the trench. The charge- 
trapping layer is etched back to form a pair of charge 



storage spacers on the sidewalls of the trench. After re- 
moving the mask layer, a top silicon oxide layer is formed 
over the substrate covering the charge storage spacers 
and the bottom silicon oxide layer. A gate corresponding 
to the pair of charge storage spacers is formed on the top 
silicon oxide layer. Finally, a source/drain region is 
formed in the substrate on each side of the gate. 
[0016] | n the present invention, a pair of charge storage struc- 
tures is formed within each memory cell as spacers. 
Hence, the manufacturing process is simplified and the 
area occupied by each non-volatile memory cell is re- 
duced. Furthermore, using the conventional method such 
as the one used for fabricating a flash memory or SONOS 
memory, the electrons trapped on one side of the charge- 
trapping layer within the memory are prevented from 
spreading to another side and resulting in possible pro- 
gramming errors or a drop in reliability. The method of 
fabrication according to the present invention also facili- 
tates the miniaturization of SONOS memory cells. More- 
over, existing production equipment and current fabrica- 
tion techniques can be directly deployed. In other words, 
each 2-bit cell occupies the same area as a single bit cell 
without incurring additional technical development cost or 



requiring expensive equipment. 
[0017] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] pigs. 1A through ID are top views of a portion of the flash 
memory cells showing the steps for fabricating a flash 
memory according to a first embodiment of the present 
invention. 

[0020] pigs. 2A through 2G are schematic cross-sectional views 
showing the steps for fabricating a flash memory accord- 
ing to the first embodiment of the present invention. 

[0021] Figs. 3A through 3E are schematic cross-sectional views 
showing the steps for fabricating a SONOS memory ac- 
cording to a second embodiment of the present invention. 
Detailed Description 



[0022] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] one major design concept of the present invention is to 
fabricate a pair of spacers within each non-volatile mem- 
ory cell to serve as a pair of charge storage structures. In 
the following embodiments, a few applications in non- 
volatile memories are illustrated. However, this should by 
no means limits the scope of the present invention as 
such. 

[0024] pigs. 1A through ID are top views of a portion of the flash 
memory cells showing the steps for fabricating a flash 
memory according to a first embodiment of the present 
invention. Figs. 2A through 2G are schematic cross- 
sectional views showing the steps for fabricating a flash 
memory according to the first embodiment of the present 
invention. As shown in Figs. 1A and 2A (Fig. 2A is a 
schematic cross-sectional view along line l-l of Fig. 1A), a 
tunneling dielectric layer 102 is formed over a substrate 
100 having an isolation structure 200 thereon. The tun- 



neling dielectric layer 102 is a silicon oxide layer having a 
thickness between 7.0nm to 9.5nm, for example. There- 
after, a patterned mask layer 104 having a trench 106 
therein is formed over the tunneling dielectric layer 102. 
The patterned mask layer 104 is formed by a material 
having an etching rate that differs from the material con- 
stituting subsequently formed conductive spacers. For ex- 
ample, if the patterned mask layer is a silicon oxynitride 
(SiON) layer, the silicon oxynitride layer has a thickness 
between 25nm to 65nm and preferably about 45nm. On 
the other hand, if the patterned mask layer is a silicon ni- 
tride (SiN) layer, the silicon nitride layer has a thickness 
between 40nm to 50nm. 

[0025] As shown in Figs. IB and 2B (Fig. 2B is a cross-sectional 
view along line l-l of Fig. IB), a conductive layer 108 is 
formed over the substrate 100. The conductive layer 108 
is, for example, a doped polysilicon layer having a thick- 
ness between 20nm to 60nm and preferably about 40nm. 

[0026] As shown in Figs. 1C and 2C (Fig. 2C is a cross-sectional 
view along line l-l of Fig. 1C), the conductive layer 108 is 
etched back to form a pair of conductive spacers 108a on 
the sidewalls of the trench 106. Since the trench 106 can 
be formed to a width equal to the smallest line width in 



the photolithographic process, the conductive spacers 
108a have a dimension even smaller. Consequently, the 
present invention can utilize existing production equip- 
ment and processing technique to fabricate 2-bit flash 
memory cells. In other words, 2-bit cells each occupying 
the same area as a single bit cell can be produced without 
incurring additional technical development cost or requir- 
ing expensive equipment. Thereafter, a patterned pho- 
toresist layer 109 is formed over the substrate 100 to 
serve as a mask for patterning the conductive spacers 
108a. 

[0027] As shown in Figs. ID and 2D (Fig. 2D is a cross-sectional 
view along line I'-l 1 of Fig. ID), the conductive spacers 
108a are patterned using the patterned photoresist layer 
109 (as shown in Fig. 1C) as a mask to form a floating 
gate 110. Thereafter, the patterned photoresist layer 109 
is removed and then the patterned mask layer 104 (as 
shown in Fig. 1C) is removed. The photoresist layer 109 
and the mask layer 104 are removed by wet etching using 
hot phosphoric acid as the etching solution, for example. 
An inter-gate dielectric layer 112 is formed over the sub- 
strate 100 covering the floating gate 110 and the tunnel- 
ing dielectric layer 102. The inter-gate dielectric layer 112 



is an oxide-nitride-oxide (ONO) composite layer, an ox- 
ide-nitride composite layer or an oxide layer, for example. 

[0028] As shown in Fig. 2E, another conductive layer 114 is 

formed over the inter-gate dielectric layer 112. The con- 
ductive layer 114 is a doped polysilicon layer, for exam- 
ple. Thereafter, a silicon oxide layer 116 and a silicon ni- 
tride layer 118 are sequentially formed over the conduc- 
tive layer 114. The oxide layer 116 and the nitride layer 
1 18 together are just an example of a two-layered cap 
layer and hence should not be construed as a limitation of 
the present invention. The oxide layer 116 can be a film 
layer formed, for example, using tetra- 
ethyl-ortho-silicate (TEOS) as a gaseous reactant. 

[0029] As shown in Fig 2F, the silicon oxide layer 116 and the 

silicon nitride layer 118 are patterned to form a cap layer 
120. Thereafter, the conductive layer 114 is patterned to 
form a plurality of control gates 122 that corresponds to 
the floating gates 110. The control gates 122 are formed 
with doped polysilicon, for example. Furthermore, in the 
process of patterning the conductive layer 114, the con- 
trol gate 122 may be patterned to have a width greater 
than the width of the trench 106 (shown in the figure) or a 
width identical to the width of the trench 106. Next, a pair 



of dielectric spacers 126 is formed on the sidewalls of the 
control gate 122 and the cap layer 120 while exposing the 
inter-gate dielectric layer 112. 

[0030] As shown in Fig. 2G, the exposed inter-gate dielectric 
layer 112 and the underlying tunnel dielectric layer 102 
are removed. Thereafter, a source/drain region 128 is 
formed in the substrate 100 outside the dielectric spacers 
126 on each side of the control gate 122. 

[0031] | n the present embodiment, a pair of conductive spacers 
for holding electric charges is formed within each flash 
memory cell. Hence, the area occupied by each flash 
memory cell is reduced. Furthermore, existing production 
equipment and current fabrication techniques can be di- 
rectly deployed. In other words, each 2-bit cell occupies 
the same area as a single bit cell without incurring addi- 
tional cost for technical development or requiring expen- 
sive equipment. 

[0032] pigs. 3A through 3E are schematic cross-sectional views 
showing the steps for fabricating a SONOS memory ac- 
cording to a second embodiment of the present invention. 
As shown in Fig. 3A, a bottom silicon oxide layer 302 is 
formed over a substrate 300. A patterned mask layer 304 
is formed over the bottom silicon oxide layer 302. The 



patterned mask layer 304 has a trench 306 therein. The 
mask layer 304 is formed with silicon oxynitride or silicon 
nitride, for example. One major criterion for selecting the 
material for forming the mask layer 304 is that the etch- 
ing selectivity must be different from a subsequently 
formed charge-trapping layer 308. Thereafter, a charge- 
trapping layer 308 is formed over the substrate 300. The 
charge-trapping layer 308 can be a silicon nitride layer or 
a silicon oxynitride layer, for example. 
[0033] As shown in Fig. 3B, the charge-trapping layer 308 is 

etched back to form a pair of charge storage spacers 308a 
on the sidewalls of the trench 306. Since the trench 306 
can be formed with the smallest width that can be pro- 
duced by a photolithographic process, the charge storage 
spacers 308a within the trench 306 has a dimension even 
smaller. 

[0034] As shown in Fig. 3C, the patterned mask layer 304 is re- 
moved, for example, by performing a wet etching opera- 
tion using hot phosphoric acid as the etching solution. A 
top silicon oxide layer 310 is formed over the substrate 
300 covering the charge-trapping spacers 308 and the 
bottom silicon oxide layer 302 and then a conductive 
layer 312 is formed over the top silicon oxide layer 310. 



Thereafter, a silicon oxide layer 314 and a silicon nitride 
layer 316 are sequentially formed over the top silicon ox- 
ide layer 310 to serve as a cap layer. However, the cap 
layer including the silicon oxide layer 314 and the silicon 
nitride layer 316 is just an example and hence should not 
be used to limit the scope of the present invention. 

[0035] As shown in Fig. 3D, the silicon oxide layer 314 and the 
silicon nitride layer 316 are patterned to form a cap layer 
318. Thereafter, the conductive layer 312 (shown in Fig. 
312) is patterned to form a gate 312a on the top silicon 
oxide layer 310 above the charge-trapping spacers 308a. 
The gate 312a is formed with doped polysilicon. Further- 
more, in the process of patterning the conductive layer 
312, the control gate 312a may be patterned to have a 
width greater than the width of the trench 306 (shown in 
the figure) or a width identical to the width of the trench 
306. A lightly doped region 320 is formed in the exposed 
region of the substrate 300. A dielectric spacer is formed 
on the sidewalls of the gate 312a and the cap layer 318 
while exposing the top silicon oxide layer 310. 

[0036] As shown in Fig. 3E, the exposed top silicon oxide layer 

310 and the underlying bottom silicon oxide layer 302 are 
removed. Finally, a source/drain region 324 is formed in 



the substrate 300 outside the dielectric spacers 322 on 
each side of the gate 312a. 
[0037] | n summary, major aspects of the present invention at 
least includes: 

[0038] i, a pair of charge storage structures is formed within 

each memory cell as spacers. Hence, the area occupied by 
each 2-bit memory cell is identical to a conventional sin- 
gle bit cell. 

[0039] 2. Flash memory can be directly fabricated using existing 
production equipment and current fabrication techniques. 
Hence, each 2-bit cell not only occupies the same area as 
a single bit cell, but also incurs no additional technical 
development cost or requiring expensive equipment. 

[0040] 3. Because the charge storage structure within the SONOS 
memory are fabricated as spacers, electric charges 
trapped on one side of the charge-trapping layer is pre- 
vented from spreading to another side to result in pro- 
gramming errors. The method of fabrication according to 
the present invention also facilitates the miniaturization of 
individual SONOS memory cell. 

[0041] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 



or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



